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Optics of the NIFS Negative ion source test stand by infrared calorimetry 

and numerical modeling 
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At the National Institute for Fusion Science (NIFS, Japan), neutral beams with the energy up to 

15 MW are routinely injected to the hydrogen plasma confined in the Large Helical Device 

(LHD) using three negative ion beam-lines[1]. Together with the heating beam-lines, a test stand 

beamline is also operated at NIFS, to gain a better understanding of the physics regulating the 

formation, extraction and acceleration of negative ions, and their conversion to neutrals. The test 

stand is based on a 1/3-scaled negative ion source of the same arc-driven source adopted for the 

LHD beamline, and its acceleration system is a standard triode. The electrode grids are divided 

into 2 segments having slightly different geometries of the intermediate steering grid (SG) and a 

common multi slotted grounded grid. In this paper the beamlet optics of both systems was 

studied by means of an instrumented calorimeter [2] made of carbon fibre composite (CFC) tiles; 

the tiles were constructed making the propagation of thermal energy along the beam direction 

largely dominant with respect to the other directions, so that the thermal pattern on the rear plane 

of the tile has a strong correlation with the power profile deposited by the beamlets on the beam-

facing plane of the tile. Infrared image of this thermal pattern is analysed to study the beamlet 

characteristics obtained in different source conditions [3]. The experimental measurements are 

then compared with 3D numerical simulations, in order to validate the codes, and to assess their 

degree of reliability. The simulations show a satisfactory agreement with the experimental 

results; some minor discrepancies are highlighted and their possible causes are addressed in the 

manuscript.  
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